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TRANSMITTING ADDITIONAL 
INFORMATION IN THE HEADERS OF 
ENCAPSULATING DATA PACKETS IN 

MOBILE/HANDHELD (M/H) DTV SIGNALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from US. Provisional 
Patent Applications Nos. 61/125,047 ?led on 22 Apr. 2008, 
and 61/131,870 ?led on 14 Jun. 2008, the entire contents of 
each of Which applications are incorporated herein by refer 
ence 

SUMMARY 

Apparatuses and methods consistent With the present 
invention relate to digital television (DTV) signals for over 
the-air broadcasting, transmitters for the broadcast DTV sig 
nals, and receivers for the broadcast DTV signals. 

The Advanced Television Systems Committee (ATSC) 
published a Digital Television Standard in 1995 as Document 
A/53, hereinafter referred to simply as “A/53” for the sake of 
brevity. Annex D of A/53 titled “RF/Transmission Systems 
Characteristics” is particularly incorporated by reference into 
this speci?cation. In the beginning years of the tWenty-?rst 
century, efforts have been made to provide for more robust 
transmission of data over broadcast DTV channels Without 
unduly disrupting the operation of so-called “legacy” DTV 
receivers already in the ?eld. Robust transmission of data for 
reception by mobile and handheld receivers Will be provided 
for in successive versions of an ATSC Standard for DTV 
Broadcasting to Mobile and Handheld Receivers referred to 
more brie?y as the “M/H Standard”. The initial version of this 
standard is referred to as M/H 1.0; a subsequent version is 
referred to as M/H 2.0; etc. 

The operation of nearly all legacy DTV receivers is dis 
rupted if 2/3 trellis coding is not preserved throughout every 
transmitted data ?eld. Also, the average modulus of a DTV 
signal should be the same as for the 8-vestigial sideband 
(8-VSB) signal as speci?ed in the 1995 version ofA/53, so as 
not to disrupt adaptive equalization in legacy receivers using 
the constant modulus algorithm (CMA). 

Another problem concerning legacy DTV receivers is that 
a large number of such receivers Were sold that Were designed 
not to respond to broadcast DTV signals unless de-inter 
leaved data ?elds recovered by trellis decoding Were prepon 
derantly ?lled With (207, 187) Reed-Solomon forWard-error 
correction (R-S FEC) codeWords of a speci?c type or 
correctable approximations to such codeWords. Accordingly, 
in order to accommodate continuing DTV reception by such 
legacy receivers, robust transmissions are constrained in the 
folloWing Way. Before convolutional byte interleaving, data 
?elds should be preponderantly ?lled With (207, 187) R-S 
FEC codeWords of the type speci?ed in A/53. 

This constraint has led to the M/H data encoded for recep 
tion by mobile and handheld DTV receivers being encapsu 
lated Within (207, 187) R-S FEC codeWords of the general 
type speci?ed inA/53, differing in that they are not necessar 
ily systematic With the tWenty parity bytes located at the 
conclusions of the codeWords. The tWenty parity bytes of 
some (207, 187) R-S FEC codeWords appear earlier in the 
codeWords to accommodate the inclusion of training signals 
in the ?elds of interleaved data. The 207-byte R-S FEC code 
Words invariably begin With a three-byte header similar to the 
second through fourth bytes of an MPEG-2 packet, With a 
thirteen-bit packet identi?cation code or packet identi?er 
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2 
(PID) in the fourth through sixteenth bit positions. Except for 
the three-byte header and the tWenty parity bytes in each (207, 
187) R-S FEC codeWord, the remainder of the codeWord is 
available for “encapsulating” 184 bytes of a robust transmis 
sion. 

A standard for DTV broadcasting using serially concat 
enated convolutional coding (SCCC) for robust transmission 
Was scheduled for completion by February 2009. The SCCC 
includes outer convolutional coding, Which is symbol-inter 
leaved before being supplied for inner convolutional coding 
corresponding to the 2/3 trellis coding speci?ed by A/53. The 
bytes of the symbol-interleaved outer convolutional coding 
are encapsulated in (207, 187) R-S FEC codeWords. The 
standard scheduled for completion by February 2009 also 
provides for the transmission of data in tabular form for 
updating a respective electronic service guide (ESG) in each 
receiver. Broadcasters Want the ESG in each receiver to be 
operable to supply information concerning broadcast services 
available to that particular receiver, but to Withhold informa 
tion concerning broadcast services that are unavailable to that 
particular receiver. There is a high likelihood that the DTV 
broadcasting standard Will continue to be updated from time 
to time. Broadcasters have indicated that they Wish to signal 
receivers Which portions of DTV broadcast signals Will be 
successfully received only by receivers designed to receive 
DTV signals broadcast in accordance With updates in the 
DTV broadcasting standard. 

Considerable time has been spent by engineers from sev 
eral companies in trying to discern a system for satisfying the 
broadcasters’ desires. Much of the thought has tried to build 
on the already-in-place practice of signaling different types of 
transmission using the eight 8-VSB symbols just before the 
?nal tWelve 8-VSB symbols of the data-?eld synchronization 
(DFS) segments. Each of these eight 8-VSB symbols can be 
used for signaling Which respective one of various versions of 
the DTV Broadcast Standard is used for making DTV trans 
missions. 

Engineers of Coherent Logix, Inc. proposed schemes for 
controlling operations in the earlier stages of DTV receivers 
responsive to signals taken from their later stages of reception 
or responsive to signals received in parallel With M/H signals. 
These proposals used decision trees that branched outWard as 
operations of successively earlier stages of a receiver Were 
considered. This seemed to the inventor to be contrary to What 
Would actually be required in practice. The inventor perceived 
that it Was preferable to begin decision trees initially consid 
ering the earliest stages of reception and branching outWard 
as operations of successively later stages of a receiver Were 
considered. In part, this preference Was based on the fact that 
changes in standard Were more likely to impact later stages of 
receivers. The branching of the decision tree better mapped 
the possibilities of various receiver designs for different trans 
mission modes. This preferred construction of the decision 
tree facilitates better control of poWer consumption by the 
later stages of a receiver capable of receiving broadcasts made 
in accordance With later versions of the M/H Standard. Later 
stages that Were unnecessary for receiving broadcasts made in 
accordance With earlier versions of the M/H Standard could 
be de-activated to save poWer. So could earlier stages that 
Were unnecessary for receiving broadcasts made in accor 
dance With later versions of the M/H Standard. Furthermore, 
the practice of placing the instructions for disposition of a 
packet in its header simpli?es insuring that the instructions 
are timely received, since the packet and the instructions 
therein are subject to similar delays in the receiver. 
The present invention provides using PIDs for the (207, 

187) R-S FEC codeWords to encapsulate robust transmis 
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sions. These PIDs have been described as those designated for 
null MPEG-2 packets. Legacy DTV receivers ignore null 
MPEG-2 packets in a transport stream, and also ignore any 
other packets that have PIDs that packet selectors in the 
receivers do not recogniZe. Null packets are used in DTV 
transmitters for purposes other than those associated With 
robust data transmission. The ATSC may assign a different 
PID or PIDs for packets that encapsulate robust transmissions 
and for the (207, 187) R-S FEC codeWords derived from those 
packets. The packets that encapsulate transmissions of redun 
dantly coded M/H service data and have these special PIDs 
are referred to as “MHE packets” in this speci?cation. 

According to an aspect of the present invention, PIDs 
assigned by ATSC for use in the headers of (207, 187) R-S 
FEC codeWords used to encapsulate robust transmissions 
should be different for each neW version of the ATSC DTV 
Broadcast Standard. These PIDs are used by receivers for 
each successive generation of the M/H Standard to control the 
How of signals to the later stages of reception. Only those 
M/H packets that can be usefully received by the receiver are 
passed from the earlier stages of the receiver to its later stages, 
this determination being made from the PIDs in the headers of 
(207, 187) R-S FEC codeWords used to encapsulate the M/H 
data. 

The tabular data for the electronic service guides (ESGs) of 
receivers are encapsulated Within (207, 187) R-S FEC code 
Words With the PIDs for the M/ H version that can successfully 
receive the described program. The ESG of a receiver is 
Written only by the ESG encoded Within the (207, 187) R-S 
FEC codeWords With the PID for the most recent M/H version 
that the receiver can usefully receive. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram of transmitter apparatus for 
broadcast digital television (DTV) signals using serially con 
catenated convolutional coding (SCCC) for M/H service 
data, Which transmitter apparatus in accordance With an 
aspect of the invention encapsulates M/H service data Within 
(207, 187) R-S FEC codeWords the PIDs of Which indicate the 
version of the M/ H Standard that governs the transmission of 
the M/H service data thereWithin, according to an exemplary 
embodiment. 

FIG. 2 is a table illustrating hoW the PIDs in the headers of 
(207, 187) R-S FEC codeWords used to encapsulate the M/H 
service data can signal versions of the M/H Standard in accor 
dance With Which those M/H service data are transmitted, 
according to an exemplary embodiment. 

FIG. 3 is a schematic diagram of receiver apparatus for 
DTV signals transmitted by transmitter apparatus of the sort 
shoWn in FIG. 1, according to an exemplary embodiment. 

FIG. 4 is a more detailed schematic diagram of portions of 
one embodiment of the FIG. 3 receiver apparatus, according 
to an exemplary embodiment. 

FIG. 5 is a table illustrating hoW the PIDs in the headers of 
(207, 187) R-S FEC codeWords used to encapsulate the M/H 
service data can signal more than just the versions of the M/H 
Standard in accordance With Which those M/H service data 
are transmitted, according to an exemplary embodiment. 

DETAILED DESCRIPTION 

The M/H system provides M/H broadcasting services 
using a portion of the 19.39 MbpsATSC 8-VSB transmission, 
While the remainder is still available for high-de?nition or 
multiple standard-de?nition television services. The M/H 
system is a dual-stream system comprising an ATSC main 
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4 
service multiplex for existing digital television services and 
an M/H service multiplex for one or more mobile and hand 
held services. 

FIG. 1 shoWs a transmitter apparatus for broadcast DTV 
signals using SCCC for M/H service data, according to an 
exemplary embodiment of the present invention. The trans 
mitter apparatus receives tWo sets of input streams: one com 
prises MPEG transport stream (TS) packets of ATSC main 
service data and the other comprises M/H service data. The 
M/H service data are encapsulated in MPEG TS packets 
before emission. This avoids reception of the main service 
data by legacy 8-VSB receivers. The M/H service data can be 
carried in MPEG TS packets, such as MPEG-2 video/ audio or 
MPEG-4 video/ audio, but is conventionally carried by inter 
net-protocol (IP) packets. A primary function of the FIG. 1 
transmitter apparatus is to combine these tWo types of streams 
into one stream of MPEG TS packets and to process the 
combined stream for transmission as anATSC trellis-coded 8 
VSB signal. 
An M/H frame controller 1 controls these procedures. The 

main service multiplex stream of data is supplied to a packet 
timing and program clock reference (PCR) adjustment unit 2 
before the packets of that stream are routed to a packet mul 
tiplexer 3 to be time-division multiplexed With packets encap 
sulating the M/H service data. Because of their time-division 
multiplexing With the packets encapsulating the M/H service 
data, changes have to be made to the time of emission of the 
main service stream packets compared to the timing that 
Would occur With no M/H service data present. The packet 
timing and PCR adjustment unit 2 makes these timing 
changes responsive to control signals supplied thereto from 
the M/H frame controller 1. The packet multiplexer 3 time 
division multiplexes the main service stream packets With the 
packets encapsulating the M/H service data, as directed by 
control signals from the M/H frame controller 1. The opera 
tions of the M/H transmission system in regard to the M/H 
service data are apportioned betWeen tWo stages: an M/H 
pre-processor 4 and an M/H post-processor 5. 
The function of the pre-processor 4 is to rearrange the M/H 

service data into an M/H data structure, to enhance robustness 
of the M/H service data by additional FEC processes, to insert 
training sequences, and subsequently to encapsulate the pro 
cessed enhanced data into MHE packets Within the ancillary 
TS. The operations performed by the pre-processor 4 include 
M/H frame encoding, block processing, M/H Group format 
ting, packet formatting and M/H signaling encoding. The 
M/H frame controller 1 provides necessary transmission 
parameters to the pre-processor 4 and controls the multiplex 
ing of the main service data packets and the M/H-service data 
packets by the packet multiplexer 3 to assemble each M/H 
frame. 
The function of the post-processor 5 is to process the main 

service data by normal 8-VSB encoding and to re-arrange the 
pre-processed M/H service data in the combined stream to 
ensure backward compatibility With ATSC 8-VSB. The main 
service data in the combined stream are processed exactly the 
same Way as for normal 8-VSB transmission: randomizing, 
RS encoding, convolutional byte interleaving and trellis 
encoding. The M/H service data in the combined stream are 
processed differently from the main service data, With the 
pre-processed M/H service data bypassing data randomiZa 
tion. The pre-processed M/H service data is subjected to 
non-systematic RS encoding Which re-arranges their bytes. 
The non-systematic RS encoding alloWs insertion of periodi 
cally spaced long training sequences Without disturbing 
legacy receivers. Additional operations are done on the pre 
processed M/H service data to initialiZe the trellis encoder 
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memories at the beginning of each training sequence included 
in the pre-processed M/H service data. 
More speci?cally, the M/H service multiplex stream of 

data is supplied to the M/H pre-processor 4 for processing and 
subsequent encapsulation in the payload ?elds of MPEG null 
TS packets. The MHE TS packets are supplied to the packet 
multiplexer 3 after data encapsulation Within their payload 
?elds is completed. 

Still more speci?cally, the M/H service multiplex stream of 
data is supplied to an M/H frame encoder 6 Which provides 
transverse Reed-Solomon (TRS) FEC coding of data packets. 
The data packets are also subjected to periodic cyclic redun 
dancy check (CRC) coding to locate byte errors for the TRS 
coding. Each M/H frame is composed of one or tWo frames of 
the TRS coding, and the data in each frame of the TRS and 
CRC coding are randomized independently from one another 
and from the data of the main service multiplex. The M/H 
frame encoder 6 is connected for supplying packets of M/H 
service data and packets of TRS parity bytes Within consecu 
tive blocks of the TRS-CRC tWo-dimensional coding to a 
block processor 7, as input signal thereto. The block proces 
sor 7 includes encoders for each type of single-phase outer 
convolutional coding used in the SCCC and respective sub 
sequent interleavers for successive 2-bit symbols of each type 
of single-phase outer convolutional coding. 
An M/H Group formatter 8 is connected for receiving the 

interleaved outer convolutional coding from the block pro 
cessor 7 as input addressing signal. The M/H Group formatter 
8 includes an interleaved M/H Group format organizer that 
operates on the M/H Group format as it appears after the 
ATSC data interleaver. It maps the FEC coded M/H service 
data from the block processor 7 into corresponding M/H 
blocks of a M/H Group; adds pre-determined training data 
bytes and data bytes to be used for initializing the trellis 
encoder memories; and inserts place-holder bytes for main 
service data, MPEG header and non-systematic RS parity. 
Also, place-holder bytes for the 3-byte headers of MHE pack 
ets are inserted in accordance With an aspect of the invention 
disclosed herein. The interleaved M/H Group format orga 
nizer adds some dummy bytes to complete construction of the 
intended M/H Group format. The interleaved M/H Group 
format organizer assembles a M/H Group of 1 18 consecutive 
TS packets. Some of these TS packets comprise the inter 
leaved outer convolutional coding supplied by the block pro 
cessor 7. Others of these TS packets are prescribed training 
signals stored in a read-only memory (ROM) Within the M/H 
Group formatter 8 and inserted at prescribed intervals Within 
the M/H Group. Still others of these TS packets are generated 
by a signaling encoder 9. 

Transmission of the M/H service data uses tWo kinds of 
signaling channels generated by the signaling encoder 9. One 
is a Transmission Parameter Channel (TPC), and the other is 
a Fast Information Channel (FIC). The TPC is for signaling 
M/H transmissionparameters such as various FEC modes and 
M/H frame information. The FIC facilitates the selection of 
M/H data concerning speci?c services from greater amounts 
of M/H data that can be recovered by the earlier stages of an 
M/H receiver. This selected M/H data concerning speci?c 
services is subsequently processed by the later stages of the 
M/H receiver. The earlier stages of the receiver are apt to be 
“hardware” Within special-purpose integrated circuitry dedi 
cated to the task of recovering M/H data. Many of the later 
stages of the M/H receiver are apt to be realized in softWare 
Within a general-purpose microprocessor. 

The interleaved M/H Group format organizer is folloWed in 
cascade connection by a byte de-interleaver Within the M/H 
Group formatter 8. This byte de-interleaver complements the 
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ATSC convolutional byte interleaver. The M/H Group for 
matter 8 is connected for supplying a response of this de 
interleaver as its output signal, Which is applied as input 
signal to a packet formatter 10. Initially, the packet formatter 
10 expunges the main service data place holders and the RS 
parity place holders that Were inserted by the interleaved M/H 
Group format organizer for proper operation of the byte de 
interleaver in the M/H Group formatter 8. According to an 
exemplary embodiment, the packet formatter 10 subse 
quently replaces the 3-byte place holders for MHE packet 
headers With an MHE packet header supplied from an MHE 
packet header generator 11 and inserts an MPEG TS sync 
byte before each l87-byte data packet as a pre?x thereof. The 
packet formatter 10 supplies 1 l8 M/H data-encapsulating TS 
packets per M/H Group to the packet multiplexer 3, Which 
time-division multiplexes the M/H service TS packets and the 
main service TS packets to construct M/H frames. 

In some cases the MHE packet header generator 11 is a 
read-only memory storing a variety of possible MHE packet 
headers, the appropriate one of Which is selected by a 
HEADER SELECT signal supplied to the ROM as read 
address. In other cases the MHE packet header can be hard 
Wired into the DTV transmitter apparatus. In still other cases 
the MHE packet header may be assembled from bits supplied 
from more than one source of control signal. 
The M/ H frame controller 1 controls the packet multiplexer 

3 in the folloWing Way When the packet multiplexer schedules 
the l l 8 TS packets from the packet formatter 10. Thirty-seven 
packets immediately precede a data-?eld synchronization 
(DFS) segment in a 3 l3-segment VSB ?eld of data, and 
another eighty-one packets immediately succeed that DFS 
segment. The packet multiplexer 3 reproduces next-in-line 
main service TS packets in place of MPEG null packets that 
contain place-holder bytes for main service data in their pay 
load ?elds. The packet multiplexer 3 is connected to supply 
the TS packets it reproduces to the post-processor 5 as input 
signal thereto. 
More speci?cally, the packet multiplexer 3 is connected to 

apply the TS packets it reproduces to a conditional data ran 
domizer 12 as the input signal thereto. The conditional data 
randomizer 12 suppresses the sync bytes of the l88-byte TS 
packets and randomizes the remaining data in accordance 
With conventional 8-VSB practice, but only on condition that 
it is not encapsulated M/H service data. The encapsulated 
M/H service data bypass data randomization. The other 
remaining data are randomized per A/ 53, Annex D, §4.2.2. 
A systematic/non-systematic R-S encoder 13 for system 

atic and non-systematic (207, 187) R-S codes is connected to 
receive, as its input signal, the l87-byte packets that the 
conditional data randomizer 12 reproduces With conditional 
data randomization. The R-S parity generator polynomial and 
the primitive ?eld generator for the R-S encoder 13 are the 
same as those A/53,Annex D, FIG. 5 prescribes for (207, 187) 
R-S coding. When the R-S encoder 13 receives a main service 
data packet, the R-S encoder 13 performs the systematic R-S 
coding process prescribed inA/53, Annex D, §4.2.3, append 
ing tWenty bytes of R-S parity data to the conclusion of the 
l87-byte packet. When the R-S encoder 13 receives an M/H 
service data packet, the RS encoder 13 performs a non-sys 
tematic R-S encoding process. TWenty bytes of R-S parity 
data obtained from the non-systematic RS encoding process 
are inserted in a prescribed parity byte location Within the 
M/H service data packet. 
A convolutional byte interleaver 14 is connected for receiv 

ing as its input signal the 207-byte R-S codeWords that the 
R-S encoder 13 generates. The byte interleaver 14 is generally 
of the type speci?ed in A/53, Annex D, §4.2.4. The byte 
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interleaver 14 is connected for supplying byte-interleaved 
207-byte R-S codewords via a R-S parity replacer 15 to a 
modi?ed trellis encoder 16. The basic trellis encoding opera 
tion of the modi?ed trellis encoder 16 is similar to that speci 
?ed inA/53,Annex D, §4.2.4. The modi?ed trellis encoder 16 
converts the byte-unit data from the byte interleaver 14 to 
symbol units and performs a l2-phase trellis coding process 
per Section 6.4.1.4 Main Service Trellis Coding of A53-Part 
2-2007. In order for the output data of the modi?ed trellis 
encoder 16 to include pre-de?ned knoWn training data, ini 
tialization of the memories in the modi?ed trellis encoder 16 
is required. This initialization is very likely to cause the R-S 
parity data calculated by the R-S encoder 13 prior to the trellis 
initialization to be erroneous. The R-S parity data must be 
replaced to ensure backward compatibility With legacy DTV 
receivers. Accordingly, the trellis encoder is connected for 
supplying the changed initialization byte to a non-systematic 
R-S encoder 17 for non-systematic (207, 187) R-S codes, 
Which encoder 17 re-calculates the R-S parity of the affected 
M/H packets. The non-systematic R-S encoder 17 is con 
nected for supplying the re-calculated R-S parity bytes to the 
R-S parity replacer 15, Which substitutes the re-calculated 
R-S parity bytes for the original R-S parity bytes before they 
can be supplied to the modi?ed trellis encoder 16. That is, the 
R-S parity replacer 15 reproduces the output of the convolu 
tional byte interleaver 14 as the data bytes for each packet in 
its output signal, but reproduces the output of the non-sys 
tematic R-S encoder 17 as the R-S parity for each packet in its 
output signal. The R-S parity replacer 15 is connected to 
supply the resulting packets in its output signal to the modi 
?ed trellis encoder 16 as the input signal thereto. 
A synchronization multiplexer 18 is connected for receiv 

ing as the ?rst of its tWo input signals the 2/3 trellis-coded data 
generated by the modi?ed trellis encoder 16. The sync mul 
tiplexer 18 is connected for receiving its second input signal 
from a data ?eld sync (DFS) and data segment sync (DSS) 
signals generator 19 of synchronization signals comprising 
the DSS and the DFS signals. The DSS and the DFS signals 
are time-division multiplexed With the 2/3 trellis-coded data 
per custom in the output signal from the sync multiplexer 18, 
Which is supplied to a pilot inserter 20 as input signal thereto. 
The pilot inserter 20 introduces a direct component offset into 
the signal for the purpose of generating a pilot carrier Wave 
during subsequent balanced modulation of a suppressed 
intermediate-frequency (IF) carrier Wave. The output signal 
from the pilot inserter 20 is a modulating signal, Which may 
be passed through a pre-equalizer ?lter 21 before being sup 
plied as input signal to an 8-VSB exciter 22 to modulate the 
suppressed IF carrier Wave. The 8-VSB exciter 22 is con 
nected for supplying the suppressed IF carrier Wave to a 
radio-frequency (RF) up-converter 23 to be converted upWard 
in frequency to repose Within the broadcast channel. The 
up-converter 23 also ampli?es the poWer of the RF signal that 
it applies to the broadcast antenna 24. 

The nature of a PID that the MHE packet header generator 
11 supplies to the packet formatter 10 is of particular concern 
With regard to the present invention. According to an exem 
plary embodiment, the PID is chosen for signaling a version 
of the M/H Standard in accordance With Which the M/H 
service data are transmitted, but only if the M/H service data 
Will be usefully received by receivers designed for receiving 
signals transmitted in accordance With that particular version 
of the M/H Standard. Otherwise, if M/H data are transmitted 
in accordance With more than one version of the M/H Stan 
dard, the portions of the M/H service data common to those 
versions of the M/H Standard are transmitted in MHE packets 
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having PIDs identifying the earliest version of the M/H Stan 
dard that can usefully receive the data. 
The potential problem With this arrangement is that a 

receiver designed for a later version of the M/H Standard may 
usefully receive only some portions of the robust data trans 
mitted in accordance With an earlier version of the M/H 
Standard. This problem can be sidestepped by providing a 
plurality of special PIDs for MHE packets in each version of 
the M/H Standard. One special PID signals MHE packets that 
are useful only to transmissions in accordance With that par 
ticular version of the standard. This enables a receiver not to 
reproduce the contents of those MHE packets for application 
to later stages of the receiver. Another special PID signals 
MHE packets that are useful only to transmissions in accor 
dance With that particular version of the standard and its 
immediate successor. The PID of the MHE packet can be 
thought of as an extension of the PIDs of the packets encap 
sulated therein. 
The table shoWn in FIG. 2 illustrates hoW the PIDs in the 

headers of (207, 187) R-S FEC codeWords used to encapsu 
late the M/H service data can signal versions of the M/H 
standard in accordance With Which those M/H service data are 
transmitted. The Greek letters in the left column of the table 
represent different 13-bit PIDs.A DTV receiver is expected to 
knoW the versions of the M/H standard used for transmitting 
DTV signals that the receiver can usefully receive. 

FIG. 3 shoWs a receiver apparatus for DTV signals trans 
mitted by an M/H transmitter apparatus of the sort shoWn in 
FIG. 1, according to an exemplary embodiment. The FIG. 3 
DTV receiver apparatus includes a vestigial-sideband ampli 
tude-modulation (V SB AM) DTV receiver front-end 25 for 
selecting a radio-frequency DTV signal for reception, con 
verting the selected RF DTV signal to an intermediate-fre 
quency DTV signal, and for amplifying the IF DTV signal. 
An analog-to-digital converter 26 is connected for digitizing 
the ampli?ed IF DTV signal supplied from the DTV receiver 
front-end 25. A VSB AM demodulator 27 is connected for 
demodulating the digitized VSB AM IF DTV signal to gen 
erate a digitized baseband DTV signal, Which is supplied to a 
digital ?lter 28 for equalization of channel response and for 
rejection of co-channel interfering NTSC signal. A synchro 
nization signals extraction unit 29 is connected for receiving 
the digital ?lter 28 response. Responsive to DFS signals, the 
sync extraction unit 29 detects the beginnings of data frames 
and ?elds. Responsive to DSS signals, the sync extraction 
unit 29 detects the beginnings of data segments. The FIG. 3 
DTV receiver apparatus uses the DSS and DFS signals for 
controlling its operations similarly to the Way done in related 
DTV art. FIG. 3 does not explicitly shoW the circuitry for 
effecting these operations. 
A decoder 30 for detecting the type of ancillary transmis 

sion responds to 8-bit sequences contained in ?nal portions of 
the reserved portions of DFS signals separated by the sync 
extraction unit 29. The decoder 30 is connected for indicating 
the type of ancillary transmission to a turbo decoding control 
unit 31 that controls turbo decoding in the FIG. 3 DTV 
receiver apparatus. The type of ancillary transmission that the 
decoder 30 detects may be one that conditions the decoder 30 
to extract further information concerning the ancillary trans 
mission from the initial portions of the reserved portions of 
DFS signals separated by the sync extraction unit 29. The 
decoder 30 is connected for supplying such further informa 
tion to the turbo decoding control unit 31. This further infor 
mation is apt to include pointers to portions of the data ?eld 
that contain signaling information describing ancillary trans 
mission in greater detail. 
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FIG. 3 shows a l2-phase trellis decoder 32 connected for 
receiving the digital ?lter 28 response. In actual practice the 
l2-phase trellis decoder 32 shoWn in FIG. 3 is apt to be a 
plurality of component l2-phase trellis decoders, each com 
ponent l2-phase trellis decoder being capable of decoding the 
digital ?lter 28 response. Such construction of the trellis 
decoder 32 facilitates turbo decoding of various types of 
SCCC being carried on independently of each other, each 
using separate temporary storage of data. 

FIG. 3 further shoWs the l2-phase trellis decoder 32 con 
nected for supplying trellis-decoding results to a signaling 
decoder 33. In actual practice, these trellis-decoding results 
may be supplied by one of a plurality of component l2-phase 
trellis decoders in the trellis decoder 32, and the signaling 
decoder 33 may be connected to feed back extrinsic informa 
tion to that component trellis decoder to implement turbo 
decoding. The component l2-phase trellis decoder Will 
include a memory for storing the digital ?lter 28 response for 
updating by the extrinsic information. The turbo decoding 
control unit 31 enables operation of the signaling decoder 33 
With respect to those portions of the data ?eld that contain 
signaling information describing ancillary transmission in 
greater detail. To keep FIG. 3 from being too cluttered to be 
understood readily, FIG. 3 does not explicitly shoW most of 
the connections of the turbo decoding control unit 31 to the 
elements involved in decoding the SCCC. 

FIG. 3 shoWs that the l2-phase trellis decoder 32 is further 
connected for supplying trellis-decoding results to a byte 
de-interleaver 34 for A/53 byte interleaving. The byte de 
interleaver 34 provides byte-by-byte de-interleaving of these 
results to generate an input signal for a R-S decoder 35 of the 
de-interleaved (207, 187) R-S FEC codewords supplied from 
the byte de-interleaver 34. The de-interleaving of the byte 
de-interleaver 34 complements the convolutional byte inter 
leaving prescribed by A/53, Annex D, §4.2.4. In actual prac 
tice, the trellis-decoding results may be supplied to the byte 
de-interleaver 34 by one of a plurality of component l2-phase 
trellis decoders in the trellis decoder 32. Preferably, but not 
necessarily, the de-interleaved (207, 187) R-S FEC code 
Words are accompanied by soft-decision information, and the 
R-S decoder 35 is of a sort that can use the soft-decision 
information to improve overall performance of the decoders 
32 and 35. The R-S decoder 35 is connected for supplying 
packets of randomiZed hard-decision data to a data de-ran 
domiZer 36, Which exclusive-ORs the bits of the randomiZed 
hard-decision data With appropriate portions of the pseudo 
random binary sequence (PRBS) prescribed in A/53, Annex 
D, §4.2.2 to generate a ?rst transport stream. This ?rst trans 
port stream is constituted in part of MPEG-2-compatible 
packets of de-randomiZed principal data. Insofar as the R-S 
decoder 35 is capable, it corrects the hard-decision l87-byte 
randomiZed data packets that it supplies to the data de-ran 
domiZer 36. The output signal from the data de-randomiZer 
36 reproduces the main service multiplex transport stream. 

FIG. 3 shoWs that the l2-phase trellis decoder 32 is further 
connected as a soft-input, soft-output (SISO) inner decoder in 
a turbo decoding loop that also includes a soft-input, soft 
output (SISO) outer decoder 37 for outer convolutional code 
(s). In actual practice, another of a plurality of component 
l2-phase trellis decoders in the trellis decoder 32 is connected 
to function as the SISO inner decoder in this turbo decoding 
loop, and the SISO outer decoder 37 is connected to feed back 
extrinsic information to that component trellis decoder to 
implement turbo decoding. The turbo decoding procedures 
often involve iterations of both decoding of the inner convo 
lutional code of the SCCC by the l2-phase trellis decoder 32 
and decoding of the outer convolutional code of the SCCC by 
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the SISO outer decoder 37. The component l2-phase trellis 
decoder Will include memory for storing the digital ?lter 28 
response for updating by the extrinsic information. The 
decoding operations of the decoders 32 and 37 are staggered 
in time. The decoders 32 and 37 may be of types that use the 
soft-output V1terbi algorithm (SOVA) for evaluating code 
trellises, but preferably (although not necessarily) are of types 
that use the logarithmic maximum a posteriori algorithm 
(log-MAP) for such evaluations. In any case, both of the 
decoders 32 and 37 comprise respective memory for tempo 
rary storage of the soft-decisions that they respectively gen 
erate. 

An outer coding input/ output (I/O) interface 38 is used for 
accessing selected portions of the memory for temporary 
storage of soft-decisions in the trellis decoder 32 that contain 
soft-decisions related to the interleaved outer convolutional 
coding of the SCCC. This I/O interface 38 includes a memory 
address generator, the operation of Which is controlled by the 
turbo decoding control unit 31. Responsive to control by the 
turbo decoding control unit 31, the I/O interface 38 reads 
soft-decisions related to the reproduced interleaved outer 
convolutional coding of the SCCC to the input port of a 
symbol de-interleaver 39. 
The symbol de-interleaver 39 is connected for de-inter 

leaving the interleaved outer convolutional coding of the 
SCCC and supplying soft-decisions related to the de-inter 
leaved outer convolutional coding to the SISO outer decoder 
37 and to a feedback unit 40 for determining de-interleaved 
extrinsic information to be fed back for turbo decoding pro 
cedures. The symbol de-interleaver 39 is customarily con 
structed from a random-access memory (RAM) Written With 
Write addressing different from its read addressing When sub 
sequently read. The SISO outer decoder 37 is connected for 
supplying soft decisions concerning its decoding results to 
the feedback unit 40 for determining de-interleaved extrinsic 
information feedback. The RAM in the symbol de-interleaver 
39 can be re-read to supply the feedback unit 40 With soft 
decisions concerning the input signal of the SISO outer 
decoder 37 contemporaneously With soft decisions concern 
ing the output signal of the SISO outer decoder 37. This 
eliminates the need for additional temporary memory Within 
the feedback unit 40 for temporally aligning the input and 
output signals of the SISO outer decoder 37. 
The feedback unit 40 for determining de-interleaved 

extrinsic information to be fed back for turbo decoding pro 
cedures supplies that information to an symbol interleaver 41 
that interleaves the soft decisions With regard to tWo -bit sym 
bols of that information to generate extrinsic information. 
The extrinsic information is fed back through the I/O inter 
face 38 to update the trellis-coded digital ?lter 28 response 
that is temporarily stored in selected portions of the memory 
in the trellis decoder 32 that hold the time-slice that is being 
turbo decoded. 

FIG. 3 shoWs that the symbol de-interleaver 39 is further 
connected for supplying de-interleaved soft decisions from 
the trellis decoder 32 to hard-decision unit 42. FIG. 3 also 
shoWs the SISO decoder 37 connected for subsequently sup 
plying its soft decisions to the hard-decision unit 42. The 
hard-decision unit 42 generates a set of hard decisions in 
response to each set of soft decisions supplied thereto. The 
hard-decision unit 42 is connected to supply the resulting 
hard decisions as to the randomiZed data to an M/H frame 
decoder 43 as input signal thereto. The M/H frame decoder 43 
is connected for supplying its output signal to a bank 44 of 
data de-randomiZers as their input signals. The turbo decod 
ing control unit 31 is connected for supplying a control signal 
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that selects the response of one of the bank 44 of data de 
randomiZers that is suitable for reproducing the M/H service 
multiplex transport stream. 

The FIG. 3 receiver apparatus differs from related art 
receiver apparatuses in the following respects. A TS packet 
selector 45 is connected for receiving, as a TS input signal 
thereof, a selected response of the bank 44 of data de-ran 
domiZers. A mapping unit 46 for mapping useful TS packets 
is connected for supplying a control signal to the TS packet 
selector 45 that conditions it to reproduce only those TS 
packets of the M/H service multiplex that can be utiliZed by 
the subsequent stages of the receiver. The mapping unit 46 for 
mapping useful TS packets contains a memory for temporary 
storage of maps corresponding to the R-S frames in tempo 
rary storage in the memory Within the M/H frame decoder 43. 
A detector 47 for detecting non-useful PlDs is connected for 
receiving header information concerning 8-VSB packets 
from the data de-randomiZer 3 6. The PlDs that the detector 47 
considers non-useful are those used in versions of the M/H 
Standard that the FIG. 3 receiver apparatus is not designed to 
receive. The detector 47 is connected to supply indications 
that it has detected PlDs that it considers non-useful, Which 
indications are applied as input signal to the mapping unit 46 
for mapping useful TS packets. Those portions of the TS 
packet map that Would be ?lled With data not useful to the 
FIG. 3 receiver are conditioned for supplying the TS packet 
selector 45 With control signal that conditions the selector 45 
not to reproduce the TS packets from the bank 44 of data 
de-randomiZers. 

FIG. 4 shoWs details of portions of the FIG. 3 receiver 
apparatus, according to an exemplary embodiment. FIG. 4 
shoWs the 12-phase trellis decoder 32 more speci?cally as 
comprising component 12-phase trellis decoders 321 and 
322. FIG. 4 shoWs the M/H frame decoder 43 more speci? 
cally as comprising a decoder 431 for 2-byte CRC codes, a 
plural-port TRS frame memory 432, and a decoder 432 for a 
selected one of the possible TRS codes. The hard-decision 
unit 42 is connected for supplying hard decisions to the 
decoder 431 for CRC codeWords. The decoder 431 repro 
duces the hard decisions that the decoder 43 1 determines to be 
the initial portions of valid CRC codeWords. The decoder 431 
also generates an indication concerning the probable validity 
of each CRC codeWord, Which indication is forWarded to the 
turbo decoding control unit 31. In some designs the turbo 
decoding control unit 31 may discontinue iterations of the 
turbo decoding procedures responsive to indication that a 
CRC codeWord is probably valid. The decoder 431 is con 
nected for Writing the initial portions of CRC codeWords into 
a TRS frame memory 432 together With the indications of the 
probable validity of each of those codeWords. The indications 
of the probable validity of each of those codeWords can be 
used for locating byte errors during TRS decoding proce 
dures. When the TRS frame memory 432 has been loaded 
With a TRS frame and the error-location information, its 
contents are supplied column of bytes by column of bytes to 
the TRS decoder 432 for a selected one of the possible TRS 
codes. After correcting as many byte errors as possible in each 
column of bytes, the TRS decoder 432 returns the column of 
bytes to its original location Within the TRS frame memory 
432. After all the columns of bytes have been corrected inso 
far as possible and returned to their original locations Within 
the TRS frame memory 432, the contents of selected slots in 
the TRS frame memory are read roW of bytes after roW of 
bytes to supply input signals to one or more data randomiZers 
in the bank 44 of data randomiZers. 

FIG. 4 shoWs a non-useful PlDs detector that comprises a 
PID selector 471, a comparator 472, a scanner 473 for scan 
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ning a list of PlDs that the receiver Will be capable of usefully 
receiving, and a latch 474 for any match output signal from 
the comparator 472. More speci?cally, the PID selector 471 is 
connected to a ?rst input port of the comparator 472 for 
selecting a respective 13-bit PID from each data packet of the 
main service multiplex TS supplied as a response from the 
data de-randomiZer 36. The scanner 473 is connected for 
scanning a list of PlDs that the receiver Will be capable of 
usefully receiving to a second input port of the comparator 
472. The comparator 472 compares those PlDs With the PID 
selected to its ?rst input port Well before the PID selector 471 
selects the next PID. The comparator 472 supplies a response 
“ONE” When and only When one of the PlDs scanned to its 
second input port matches the PID selected to its ?rst input 
port. OtherWise, the comparator 472 supplies a response 
“ZERO”. The comparator 472 is connected for supplying its 
response to a latch 474 for any match output signal from the 
comparator 472. More particularly, the latch 474 can be a 
set-reset ?ip-?op, set by the response “ONE” from the com 
parator 472 and reset by a response “ONE” generated during 
the DSS interval. The true output of the set-reset ?ip-?op 
latches any indication that the PID selected by the PID selec 
tor 471 is a useful one. 

FIG. 4 shoWs a dual-port RAM 461 that is a principal 
component of the mapping unit 46 for mapping useful TS 
packets. FIG. 4 shoWs that the RAM 461 is connected for 
having the latch 474 response for each PID selected by the 
PID selector 471 Written to a suitable map location. FIG. 4 
does not explicitly shoW a Write address generator for sup 
plying Write addresses to the RAM 461 nor a read address 
generator for supplying read addresses to the RAM 461. The 
read addresses skip certain locations in the RAM 461 to take 
into account (a) that the code rate for ancillary data is an 
aliquot fraction of 8-VSB code rate and (b) that the ancillary 
data does not pack into an integral number of MHE packets. 
The read address generator is connected for supplying the TS 
packet selector 45 indications of Whether each TS packet 
supplied to it is useful to the receiver. The read address gen 
erator supplies these indications at a rate that takes into 
account the variable processing times associated With suc 
cessful turbo decoding procedures. Responsive to such indi 
cations, the TS packet selector 45 marks each of the TS 
packets it reproduces as being either useful or non-useful to 
the receiver. 
The con?guration shoWn in FIG. 4 is built on an assump 

tion that the variable processing time associated With success 
ful turbo decoding procedures is alWays longer than the latent 
delay through the byte de-interleaver 34, the R-S decoder 35, 
the data de-randomiZer 36, and the succeeding elements used 
in Writing a packet map into the RAM 461. This may not 
alWays be the case if the latent delay of the symbol de 
interleaver used in turbo coding is short. In such case, the 
response of the digital ?lter 28 can be delayed by a digital 
delay line before application to the component 12-phase trel 
lis decoder 321, or the M/H data can be delayed before reach 
ing the TS packet selector 45. 
An alternative strategy for recovering the PlDs of MHE 

packets is to extract the randomiZed PlDs from the memory in 
the byte de-interleaver 34 and de-randomiZing them Without 
Waiting for R-S decoding and data de-randomiZation proce 
dures being performed by the R-S decoder 35 and the data 
de-randomiZer 36. The draWback of this alternative strategy is 
that there is no chance of a byte error in a PID being corrected 
by R-S decoding. 

The FIG. 5 table illustrates hoW the PlDs in the headers of 
(207, 187) R-S FEC codeWords used to encapsulate the M/H 
data can signal more than just the versions of the M/H Stan 



US 8,179,982 B2 
13 

dard in accordance With Which those M/H data are transmit 
ted, according to an exemplary embodiment. The conjecture 
implicit in the table is that eventually there Will have been 
eight successive versions 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 
8.0 of the ATSC Digital Broadcast Standard for M/H Receiv 
ers. These eight successive versions are presumed to offer, at 
least for a time, backward compatibility for receivers 
designed for earlier versions of the standard. The FIG. 5 table 
illustrates that the PlDs in the headers of (207, 187) R-S FEC 
codeWords used to encapsulate the M/H data can signal both 
the code rate of the ancillary transmissions and the speci?c 
use for the ancillary transmissions. A DTV receiver of M/H 
signals can use the code rate information to help in the control 
of turbo decoding procedures. The information concerning 
the ancillary transmissions including parallel concatenated 
convolutional code (PCCC) signaling information can be 
used for directing the PCCC signaling information to a 
decoder therefor. Some of the information concerning the 
speci?c use for the ancillary transmissions can be used to help 
control of procedures to combine advanced video coding 
(AVC) and scalable video coding (SVC) data. Other of the 
information concerning the speci?c use for the ancillary 
transmissions can be used to help control of procedures for 
receiving staggercast data. 

Audio data are presumed to be encapsulated in the same 
MHE packets as AVC video data of similar code rate. AVC 
and SVC video data transmitted With 2:1 reduction in code 
rate and parenthetically indicated to be repeat data are the 
re-transmitted data used for staggercasting that combines 
earlier and later transmissions of the same M/H data in the 
physical layer. The repeat transmissions preferably use sym 
bol interleaving of the outer convolutional coding that is 
different from that used in the original transmissions. 
What is claimed is: 
1. An apparatus for transmitting digital data in an 8-level 

vestigial sideband (8-VSB) signal form for reception by a 
mobile/handheld (M/H) receiver, the apparatus comprising: 

an M/H encapsulating (MHE) packet generator that gen 
erates MHE packets; and 

a packet formatter that inserts the headers of the MHE 
packets, comprising additional information about at 
least part of digital data, into the digital data, 

Wherein the at least part of the digital data comprises M/H 
data coded for transmission in robust form for reception 
by the M/H receiver, the coded M/H data being encap 
sulated in the MHE packets that are compliant With an 
audio/video compression standard, 

Wherein the coded M/H data is pre-processed using for 
Ward-error-correction coding and at least one of convo 
lutional coding and interleaving before the headers of 
the MHE packets are inserted into the digital data, and 

Wherein the MHE packets comprising the additional infor 
mation in the headers thereof are post-processed using 
Reed-Solomon coding, convolutional byte interleaving, 
and trellis coding. 

2. The apparatus of claim 1, Wherein, Within at least some 
of the headers of the MHE packets, additional information 
about the coded M/H data is incorporated, and 

Wherein the additional information comprises at least 
information on a version of an M/H broadcast standard 
used for the transmission of the digital data in the 8-VSB 
signal form. 

3. The apparatus of claim 1, Wherein, Within at least some 
of the headers of the MHE packets, additional information 
about the coded M/H data is incorporated, and, 

Wherein the additional information comprises at least one 
of: 
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14 
information in regard to a version of an M/H broadcast 

standard used for the transmission of the digital data 
in the 8-VSB signal form; 

information in regard to a code rate of the transmission 
of the digital data in the 8-VSB signal form; and 

information in regard to use of the digital data. 
4. The apparatus of claim 1, Wherein, Within at least some 

of the headers of the MHE packets, additional information 
about the coded M/H data is incorporated, and 

Wherein the respective header of each of the MHE packets 
comprises a respective packet identi?er (PID) that 
includes at least a part of the additional information. 

5. The apparatus of claim 4, Wherein respective amounts of 
the M/H data are accompanied by a sequence of training 
signals and by header information, corresponding to the PID, 
in a form of a sequence of Transmission Parameter Channel 
signaling and a sequence of Fast Information Channel signal 
mg. 

6. The apparatus of claim 5, Wherein the PID provides 
information on a version of an M/H broadcast standard used 

for the transmission of the digital data in the 8-VSB signal 
form. 

7. An apparatus for receiving digital data in an 8-level 
vestigial sideband (8-VSB) signal form transmitted for recep 
tion by a mobile/ handheld (M/H) receiver, the apparatus com 
prising: 

a receiving unit that receives the digital data; 
a detector that detects additional information about at least 

part of the digital data, the additional information being 
contained in header portions of M/H encapsulating 
(MHE) packets included Within the digital data; and 

a packet selector that uses the additional information in 
reproducing the at least part of the digital data, 

Wherein the at least part of the digital data comprises M/H 
data coded for transmission in robust form for reception 
by the M/H receiver, the coded M/H data being encap 
sulated in the MHE packets that are compliant With an 
audio/video compression standard, 

Wherein the MHE packets comprise coded M/H data Which 
is pre-processed using forWard-error-correction coding 
and at least one of convolutional coding and interleaving 
before the headers of the MHE packets are inserted into 
the digital data, and 

Wherein the MHE packets comprising the additional infor 
mation in the headers thereof are post-processed using 
Reed-Solomon coding, convolutional byte interleaving, 
and trellis coding. 

8. The apparatus of claim 7, Wherein the additional infor 
mation comprises at least information in regard to a version of 
an M/H broadcast standard used for the transmitting the digi 
tal data in the 8-VSB signal form, and 

Wherein the apparatus responds to the information in 
regard to the version of the M/H broadcast standard for 
determining Whether the apparatus is capable of receiv 
ing the at least part of the digital data. 

9. The apparatus of claim 7, Wherein the additional infor 
mation comprises at least one of: 

information in regard to a version of an M/H broadcast 
standard used for the transmission of the digital data in 
the 8-VSB signal form, 

information in regard to a code rate of the transmission of 
the digital data in the 8-VSB signal form, and 

information in regard to use of the digital data; and 
Wherein the apparatus further comprises a system for 

modifying its operation in response to the additional 
information. 
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10. The apparatus of claim 7, wherein the respective header 
portion of each of the MHE packets comprises a packet iden 
ti?er (PID) included as at least a part of the additional infor 
mation; and 

Wherein the apparatus further comprises a system for 
modifying its operation in response to the additional 
information. 

11. An apparatus for transmitting digital data in an 8-level 
vestigial sideband (8-VSB) signal format, Wherein at least 
some of the digital data segments comprise mobile/handheld 
(M/H) data coded for transmission in robust form for recep 
tion by an M/H receiver, the coded M/H data being encapsu 
lated in M/H encapsulating (MHE) packets compliant With an 
audio/video compression standard, the apparatus comprising: 

an M/H Frame encoder connected for organiZing M/H data 
Within M/H Frames and forWard-error-correction cod 
ing the M/ H data Within each M/H Frame to generate an 
M/H Frame encoder response; 

a block processor connected for further coding the M/H 
Frame encoder response to generate the coded M/H data 
to be encapsulated in the MHE packets; 

an M/H Group formatter that generates M/H Groups, each 
M/H Group comprising a respective set of successive 
data segments each of Which incorporates a respective as 
yet incomplete MHE packet having placeholder bytes in 
a header region thereof, each of the as yet incomplete 
MHE packets having a respective extended payload 
region containing a portion of the coded M/H data gen 
erated by the block processor intermixed With further 
placeholder bytes; 

a packet formatter connected for receiving the successive 
data segments in each of the M/H Groups generated by 
the M/H Group formatter and introducing respective 
modi?cations into each of the successive data segments, 
the modi?cations including installation of a respective 
one of headers of the MHE packets into the header 
region of one of the as yet incomplete MHE packets 
generated by the M/H Group formatter, replacing the 
placeholder bytes therein; and 

an M/H post-processor connected for further processing 
the successive data segments as modi?ed by the packet 
formatter, the further processing including Reed-So 
lomon coding of the successive data segments as modi 
?ed by the packet formatter, inclusion of results from the 
Reed-Solomon coding in a convolutional byte interleav 
ing procedure, and modi?ed trellis coding of results 
from the convolutional byte interleaving procedure. 

12. The apparatus of claim 11, Wherein the headers of the 
MHE packets in each M/H Group each comprise a packet 
identi?er (PID) indicative of the kind of coded M/H data 
encapsulated in the MHE packets of that M/H Group. 

13. The apparatus of claim 11, Wherein, Within at least 
some of the headers of the MHE packets, additional informa 
tion about the coded M/H data is incorporated, and 
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Wherein the additional information comprises information 

regarding Which version of an M/H broadcast standard is 
used for the transmission of the digital data in the 8-VSB 
signal form. 

14. An apparatus for receiving digital data in an 8-level 
vestigial sideband (8-VSB) signal form transmitted in robust 
form for reception by a mobile/handheld (M/H) receiver, the 
apparatus comprising: 

a receiving unit that receives the digital data; 
a detector that detects additional information about at least 

part of the digital data Which additional information is 
contained in header portions of M/H encapsulating 
(MHE) packets, the headerportions being inserted in the 
digital data; and 

a packet selector that uses the additional information in 
selectively reproducing the at least part of the digital 
data, Wherein the at least part of the digital data com 
prises M/H data that Was coded for transmission in 
robust form and encapsulated in the MHE packets, 

Wherein locations of the header portions in the MHE pack 
ets are different from locations of frame syncs and seg 
ment syncs of the digital data. 

15. The apparatus of claim 1, Wherein the header of each of 
the MHE packets comprises a respective packet identi?er 
(PID) that differs from a PID prescribed for identifying null 
packets and that indicates some of the coded M/H data are 
encapsulated Within that particular MHE packet. 

16. The apparatus of claim 15, Wherein the PID Within the 
header of each of the MHE packets indicates What particular 
kind of coded M/H data is encapsulated in that particular 
MHE packet. 

17. The apparatus of claim 11, Wherein the headers of the 
MHE packets in each M/H Group each comprise a respective 
packet identi?er (PID) that differs from the PID used to 
identify null packets and that indicates some of the coded 
M/H data are encapsulated Within that particular MHE 
packet. 

18. The apparatus of claim 17, Wherein the PID Within the 
header of each of the MHE packets indicates What particular 
kind of coded M/H data is encapsulated in that particular 
MHE packet. 

19. The apparatus of claim 1, Wherein the M/H data is 
generated for reception by the M/H receiver separately from 
main service data corresponding to the M/H data. 

20. The apparatus of claim 7, Wherein the M/H data is 
generated for reception by the M/H receiver separately from 
main service data corresponding to the M/H data. 

21. The apparatus of claim 14, Wherein the M/H data is 
generated for reception by the M/H receiver separately from 
main service data corresponding to the M/H data. 


